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(54) Method of detecting and 
characterizing a nu elate acid or a 
sequence of the tartar, and 
enzymatic re acta nt for the 
application of this method 



(57» A method for detecting the 
possible presence of a 0NA fragment, 
notably of a gene, in the midst of a 
complex sample of nucleic acids 
comprises the hybridization of the 
sought fragment with a RNA probe. 



this being, prior or subsequent to the 
hybridization reaction, modified by an 
enzyme, which may be applied to 
seeking of particular genes or ONA 
fragments in the midst of a biological 
sample 

An enzyme coupled, either directly 
or via a bridging agent, to ribonucleic 
acid (RNA) or desoxyribonudeic acid 
(DNA). 

An enzyme bonded to a compound, 
which product is capable of bonding 
with RNA or DNA 
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SPECIFICATION 

Method of detecting and character izing a nucleic acid or a sequence of th. latter and •nifrm.^ 
reactant for the application of this method ' • n ** m e«« 

„.„.o! h , C !" ven,ion re,a,es «° a me,hod *» Meeting the presence and. if necessary, charecruino a 
nuclcc acid or a sequence of the latter in a specimen which can contain it. It relates also to the 
reactants necessary for the application of this method. Finally it relates also to the application of such • 
method, among other possible applications, to the rapid in vitro diagnosis of the presence in • bk**c«l 
specimen, derived notably froom a human or animal host, of particular nucleic particle, for .!LInS7 

^^Z^u^oT ,n,e9ri,v °' not of ,his w ,hat particu,8f *«« - " — 

It is not necessary to dwell on the extraordinary richness in various nucleic acids which any 

SS g, ?i,'? C r, n J ,n Comain ' ,or example Wood - which il is to " m P>« '™ *"r tivina 

creature. It ,s also the same regarding different sequences, for example, of numerous genel whi* any 
part.cular nucle.c acd may contain in this specimen: whence the immense difficulties that thT 

—I^T ^counter at the level of the detection or characterization of certain nucleic Kid. in a 
specmen. d.fficult.es which also arise as soon as there is a question of charactering the prmnei i of 
certam fragments, for example of genes, contained in these nucleic acids 

nf rh/™« a ,l a . C,er T' 0n 0< ° particular nucteic acia " ° r of particular genes - for example for the study 
of the organuaton of genefc sequences the ONA which contains them - hence involves the 
production previously from the medium studied, of a fraction enriched in this nucleic acid. To this end 
there have already been proposed enrichment techniques exploiting hybridation reactions batwten the 
nucte,c acd or the gene .ought and a probe, to the extent thatthe latter was available and wheTthV 

TZ be separated Uom medium, for example by differential sedimentation in a 

solution subjected to ultra-centrifugation. »n«anomne 

(RNA S ni^| P,0b t S T 8 n^t dV bee " described: ,h «V are generally constituted by ribonucleic acid. 
£n,-£,H f^w" ,hC T ° btained in « h « co "'«« ° f th « 9°™«c transcription of the structural oene. 

'?„ dn °^ nU f e ' C addS (0NA) ° f the Ce,lu,8r onanisms from which they origin.,.. 
RNA be.ng then capable of being themselves • translate*" io, 0 p^,-- ^ ^ codad fa m 

^uctura genes. I, ,s known that these RNA have sequences of nucleotides complementary to those oT 
™ m yvh ' ch *«V are derived, this complementarity being manifested by the capacity possessed 
by these RNA to form mixed hybrids with corresponding sequences of these ONA previously denatured 

rn^mlSI^. K f . WerB ini,i8 * y bi : catenar V- ,0 ' after incubation in a hign «mc Strength ' 

medium and at a high temperature or in a basic medium. 

- * " I 1 !! 6 **" 8u0 - ae8,eo ' to nave recourse, for marking the hybrids formed, to radioactive labeling 
either of the genes themselves, or of the RNA probes. These techniques are however difficult to put into 
practice .nd. m addition, do not always enable satisfactory localization of the genes concerned in their 

It is with the object of permitting easier localization of the genes under study in the ONA 
40 of^AfmmlT an< * ° f P £™^" ,na,hod of obtaining fractions enriched in predetermined segments 
40 ofONA from these same ONA that Manning et al. proposed a physico-chemical detection technique tor 
^JnTJL^T*''^ f.' chemicaM V modifying the RNA probe, by fixing biotin groups to the latter. 
i^™%?rlt? Y SrOUP * d t riV ^,!: 0m cvtoctlrom « C 8r * fi»ng physical mark. visit*, with the 
•c^ng(rt.ctron rn.cro.cop.. to the ONA. after hybridization w.th the probe, formed by ubrnm- 

^m££Lr% 9 h i?2? f " bOUt 60 " m - no,ably ba,ao ' on ^(rnetrwcrylat.). pmviousfy 

19 76^nH 1^1 Hvbndizaoon .Chromosoms (BtriJ S3. 107-117 (1975). Spring.r-V.rlM 
^IorS.5N?r M ^ d « Avidln-Bloiin Inaction. i^cX to ST 

in ' ™ A Gan6$ B 'OCf>emistry. Vol. 1 6. No. 7. 1 364—1 369 1 97 7). 

modi*. w ih?vSin U 2rr^S' ^ Wo,i ° ,0 *• " «*"*"°™<* *Pn«^ 

thT D NA wh ch ct^.^* 1 ' 00 * nd m,to * locatab,a Po-ition. of the de^rad parw. In 
^cro*coo?o1 ^tSkToNA *l ,' n t t ,"' ( Z i L* ,h * ° WaU • ,rueturo <lao ^"bl. in the rt«art>nk 
p^u^itw?. n ^.ii?^ thev.rypow.rful non^.m int W «rton. which an, th^ 

.bserie^XnTr^; .^0^^^^', 150,1,0,8 * " ^ - *• °* 

tor ex.m P l with th! cViectrf If l?2f b ^^> ca ' »P* dm «" ^ved from . human or arum* ho«. 

Possibly be afKcM 7 X^iof !f ^ ^ < ** an0,te ai,h " ° f *• d *"" tn. ho« rr«y 

The invanSr ?irll2I?m.S B ^ rnotot '^ n9 ' f i"DNA sequence, for ex. mpi .ml*, host. 

to technique, o Zeiton^Tn ^ "r"^" ° *• M « nnin « « «>"• "^thod. which conv^ion l«»ds 

The method^f L, ^ hav,n 0 ""v lrt « , « ••boratory experienc . 

characteriraSf^seTanT f ^ n - ^ P °"* (e — 

whole nuc.e.c acid in 17 n ^r.^^ fKt 9 ,n9M °' ""d*' notably of . g*ne. even of the 

prior denaturation of the n^.eTc " ^nlL^ " Cid *- ^ th. samp*,, if n.c«Mry .tor 

nucleic acd under study, wrth a prob. composing , comp< ment«y nucto.c 
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acid, capable of being hybridised with the nucleic acid sequence or the nucleic acid sought is 
charactered in that the reagent or probe used is a probe modified chemically by coupling ' , for its 
coupling with an enzyme prior or subsequent to the hybridization reaction, the possible presence of 
nucleic ac.H sequence or of the nucleic acid sought being revea.ab.e by tne action of the » £. 

XmeTubs^r ,M,,0n P ' DdUC, * ^ P,0be 80d ° f ,h6 MqU ° nCe " °' nuC,eic add O" »« 

«* w,^Xm-!!^ U " V " ,he enZVme i$ Se,6Cted acc0fdin S «° i,s C8 P»city to act on a chromogen substrate 
which perm ts the measurement by optical or similar analysis, of the conversion ratio ofthe subitrata 
whjch ratio ,, then correctable with the presence or no, of the nucleic acid sequent or S ti nucleic 
acid sought in the initial sample. uc , c 

or™mr a a n-wl e r^ emb0dime 2! °' ' he a PP ,ication °» «he invention, the probe is modified by a chemical 
group capable of forming a stable complex with the enzyme or a molecule itself bound stably to the 

^r, 6 , < dV K a t a9e ° USl :- ,hC abovesaid the above-said molecule ar.Vl£«?vly 

gaTilSse" * 3 " ,he Mn ° i,S4 " f W*V con.ti t5?d bV/^ 

. k. " * iT~^ ,fc ^^? " * that 1,16 chemical modification must be such that it does not prevent the oosaible 
subsequent hybndization of the probe with the DMA sequence or fragment sought 

It w,ll .mmediately appear to the specialist that this technique permits a rapid determination of the 
presence or not ,n a biological sample of the gene or ON A fragment corresponding t™™ Sensed 
fo^he 1 J. V nMh r L^ P 1 e f SenCe ° f * " nsiderable amoun « <* °*er nucleic acids. This i, particularly so due 
SeS to SL hv£i i^l T 31 *! ^ °' detection " hich * ° b «^ by the action of the enzyme 
faced to the hybrid on the substrate brought into its presence. It is even possible, after sufficient 
punficat.on of the hybnd. to obtain an indication as to the concentration in the DNA sought in the 
biological samp es studied or as to the distribution ratio of the gene sought in a purified DNA. by 
measurement of the enzymatic activity observed. 
th,n .hi 3 ™ «rn° m 3 nucle ii acid ""e'e ,0 b « «««««». " is possible to first carry out the hybridization, 
^ e^!r^ ^' ea ^ ° , l be !. Ween . ,he chemica »V hybridized probe, on the one hand, of 

the enzyme, on the other hand, to then proceed with th« deration or the degradation of the possible 

30 carrying out the above mentioned measurement 

As an alternative the separation or degradation of the possible excess of non -hybridized probe 

or ^on/h! d H U,b H ^" ,h6 C ° UP,infl re8C,i ° n De,Ween 1,16 chemically modified and hybridized probe, 
on the one hand, and the enzyme, on the other hand. 

<»* ,. a ,„J he , 8Pe ? fiC prob V can be constituted by any specific RNA or ONA either single strand (mono- 
"ilXUutteTuind previous, V b V techniques known per se. if i, relates to a DNA (or an RNA) 

r^r^T ? e If"? m>Ca ! mod J ,ication of ,ne f*obe is carried out by means of biotin. it is possible to 

40 nSotSe? proportwn of one molecule of biotin on the average for about 1 00 

r», ,i, AdVant89 .! 0U8 ' V ' ?°° Ur,e iS then h8d ,0r laoelina the nvbfid by the enzyme, to the product 
n^^^^ 9 ^ 6 ^^ ^ -^bly/J-gaiactosidase. by the Avrem.a, method 

45 if neceswrl 8 2 !£ U JL" V!nB ."""Ji!' ^ Mib,e ,0 re80rt to otnar chemic »' modifications of ih. probe and. 

f en ' V r e - , °!^ 0C ' coupling, preferably after the hybridization reaction, and that 
,0 ""I™ *• modl,vin 9 of the probe and of the enzyme respectively. 

hand maTa^'L 0 HZ?* * 9 °' !D - ° n *• ona hand - and °» th « on the other 

brfno !fi 1 W8 ! of •« am P"- «»• blowing pairs are mentioned, the first of these agents 

50 S t i n^odKication of the probe and the eacond for the chemical^ 

^. me C Trv f^»^ ^ may 06 modifiad i bv « method, by met*** 

vToupTT-Sm t L'nSTL . . ,h " d T? { °, P ™ nt ia d °h« b V mean, ol an enzyme hwing hydroaulphlde 
yfoupst am. or coupled to a support including such groups. 

.ppliedin^ce'se'^ noo-Hmlting. of an experiment- procedure which may be 

^^^rt^^t^ i, « , , r,C,,d ^ afrom ^ . convention- technique. 
by0.1t OJNwS tri^u^^?!? tef «""P^db tween1.nd100^g.l«a>n.tunKJ 

To the sol^S' kT.!^ ^L^" 08 n,utr,IU,d <nd brought back to pH 7. 
«0 then tddtd inW^LSS^ Ct> 7* oondin 0 » ONA fragment or to the DNA aought I. 
t be used I to a tlZ%Z?%? *°?Llj* " pnt * P* r 1 °0/'fl of denatured ONA (the amount of sod. 
then comm:,:^ pr 5°?°" 01 ^ • ou flht In the specimen ,o be analyted). The solutionis 
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hybridization technique can also be resorted to, for example, that described by KOHNE et al in 
Biochemistry (1977) if 6. 5329 -534 IK at ordinary temperature in a phenol emulsion. 

Avidin coupled to an enzyme such as /i-galactosidase is then added to the medium under 
conditions permitting the coupling of the biotin of the probe with the free groups of the avidin of the 
5 coupling compound of the avidin and the enzyme. 5 
T he non-hybridized reagent is then separated from the hybridized reagent by conventional 
techniques, such as precipitation with poryethylene glycol, passage over gel. for example that of the 
type named SEPHAROSE. ultracentrifugation. etc. 

As an alternative it is also possible to carry out the separation of the non -hybridized probe before 
10 the coupling of the avidin bearing the enzyme with the biotin groups coupled to the hybridized probe 10 
with the DNA. 

The enzyme possibly fixed and consequently the possible effective hybridization of the probe with 
the ON A studied may be visualized or detected by placing in contact with the medium a substrate of the 
enzyme, notably that constituted by orthonitrophenol galactoside (ONPG). 
15 it is self-evident that the experimental conditions once well-fixed, it is possible to determine a 15 

measurable activity threshold, for example, by a cotorimetric or fluorographic technique, beyond which it 
is possible to conclude in the presence in the treated sample of DNA or of the DNA fragments sought 

The following description of a test carried out in the laboratory has simply the purpose of 
illustrating the manner in which the process according to the invention may be put into practice, it being 
20 obviously understood that the modifications at the level of techniques, according to the nature of the 20 
biogical specimen studied and of that of the DNA or of the ONA fragment sought, are within the evident 
scope of the technician skilled in the art. 

Experiments were carried out on the model consisting of detecting the presence of a mouse ONA 
by hybridization of this DNA with a mouse ribosomic RNA used as a probe. 
25 Mouse DNA (100 ttg per 100 /il of aqueous solution) is denatured by addition of soda (10 /il of 1 25 

M NaOH). 10 minutes later, the solution was brought back to pH neutral by the addition of 10yul of 1.5 
M acid sodium phosphate NaH 2 P0 4 . 

1 ug of ribosomic labeled with biotin by means of cytochrome C. prepared by the technique 
of Manning 6 Coll.. is added to the denatured DNA solution. The volume was adjusted to 1 60/d with 
30 water. 40 u\ of a solution having a concentration of mineral salts equal to twenty times that of the 30 
solution called SSC (abbreviation of the English expression standard sahne citrate") and 200 p\ of 
redistilled or deionized formamrrie was then added to the medium. It is recalled that the SSC solution is 
an aqueous solution of 0.1 5 M sodium chloride. 0.01 5 M sodium citrate, at pH 7.0. 

The mixture was incubated until the next day at ordinary temperature, then diaryzed at 4°C 
35 against a solution having a double concentration of the SSC solution, then for 8 hours against 500 ml of 35 
a phosphate buffer at pH 7.0 containing phosphate at a concentration of 0. 1 M. sodium chloride at a 
concentration of 1 M and ethylene diamine-tetrasodium acetate (EOT A) at a concentration of 0.01 M. 
The latter dialysis is then repeated twice, each fftne for 8 hours. 

The solution thus-obtained was treated with pancreatic ribonuclease for 1 hour at ordinary 
40 temperature, to obtain a final concentration of 10 ug per ml of ribonuclease. this treatment permitting 40 
the degradation of the non- hybridized RNA. 

To the medium obtained was then added a solution of cytochrome C ( 1 mg per ml) and 1 
;.. microliter of a solution containing 1 mg per ml of avidin and 2 mg per ml of /J-galactosidese. of which 1 
molecule of /S-galactosidase in seven is coupled with avidin. It is mixed and the solution is then left to 
45 »tandat4°Cfor4hours. The medium was then diluted to 10 ml with the phosphate dialysis buffer and *5 
the solution obtained is subjected to ultracentrifugation for 1 hour at 35.000 rpm (in a BECK MAN 
ROTOR S W 4 1 centrifuge). The DNA and the hybridized RNA are to be found in the centrifugation culot 
as well as the avidin /i-galactosidase bound to this RNA. The supernatant liquor contains the non- 
hybridized RNA degraded by the ribonuclease and the unbound avidin /S- galactoses*©. 
50 The culot is collected and re suspended in 1 0ml of buffer, (j is. recentrifuged and the cuJotis ta*en 60 

up again in 0.5 ml of buffer (tube No. 1 ) and the activity of the /i-galactosidase on the ONPG substrata is 
assayed by the technique described by Miller ("Experiments in bacterial genetics 1 972 Cold Spring 
Hartoor Laboratory*. Cold Spring Harbor, New York. USA), by measurement of the optical density of the 
medium at 420m4i. after incubation of the medium at 37°C for 30 minutes or more. ' 
55 Control are prepared under conditions strictly identical with those which have been described 56 

above, except that in a first case the initial addition of ribosomic RNA (tube No. 2) was omitted and in 
tn other case the edditi n of mouse ONA (tube No. 3) was omitted. 

The results of the three assays carried out are shown in the table betow: 
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Contents 


Result of the assay (optical 
density at 420 after 30 
minutes at 37 # C) 


Tube No. 


DMA RNA 


1 




0.45 


2 




0.14 


3 




0.15 



tubes. " a '°^ s '^' e " m ' v O' sal '' , l ,a "«''Wic«l<len»li. !m ..«,,di„,h.c»i,w 1 

technician. 9 ne,therve,v compl.eated laboratory equ.pment nor a particularly experienced K 

present. K^^TtlS^^ '° W "° option, of the 

such as .hose named Herpes E?s?ein l^ti u S P^Tf 6 " SPe , drnen ° f St °°' S ' e,c ' * various 

15 maVb ,tSoT.S^ 15 

ii aiso applicable to the rea izat on of ha rta nai h; m «« . . <5 

individuals are bearers of palh«ieniea.™f part,Cular *• case where 

It will aooear nat./rln! ^ 9 f ' exDfess « 1 non-expressed (or latent) 
possible^ -y s totSSSS c^Jac?" j""™*** " ON A. that i, is 

20 regard to the nucleic add or * l! " ,8d bio,08iC81 s ^ ecim «". •«« having 

the chromogenic ^toi wl to™™^^^* 1 . ' he 3bsenCe 0< induc,ion obaerv. on 20 
e^ntaly.orbycompa^ 

beyond SX^I^S^Si ^l^T^T* '? 
25 example, tran.tote the presence of an ano ma o ^•^h^i^!S IC8li0 ! , ■ enViSa$,ed above by w8 ' °' 
observed tot., or partial hybridization. beS 1 pro Td m T ^A^IT 9 * ^ 3686006 °' 25 
WcT^ 

invention. The« kits can in oarticu aT f ■» ,IC «0" of the process according to the 
30 DNA of the virus or bacteria » rXZ " . _ M ?" lfl 0f probes corresponding, for- example, to the 

relating to particular genes ^ ch ^Zw ^1^' Pa,hofle " ic viruses °' bacteria, or even of probes 30 
specimens, under tesl ™ fma " y 66 con,a ' ne d * biological specimens, notably blood 

withaneruyme TOUBht ,h * piobe ""'"B modified chemical* for its coupling 35 

40 

tor .xampte /J^l.cto^J.^^iS * ^ ^ con «" u ^ * ft. enzyme ,,..„. 

45 P*j-ci * the coutfng product of 

of • probe (RNA or sing* .tr.^ O^. JSr d,?.«L • ub « tra *. ™*"V chromoganic) and 46 

to the coupling product of tl^m^'^i^^?^ -coupling agent It ralatas also again 
capable of being coupiad ZL^,£!f r^T'?' m ' 8CU,e ' ,h « ^ola than being 

SO 

certain ONA fragment, In Z!^^^^^ of application, notably for ft. labeling of 
0NA concerned. ,„ p.^,., m . iZX^^J^^V^, * • ,tab,i « h *• of ,h. 

»n may o« ippu, d to the det rmmati n of the incorporatl n or 
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not of a particular ONA fragment in experiments of genetic sorting comprising for example operations of 
transforming ONA from an infected cell with a foreign ONA containing the ONA fragment concerned or 
on the contrary operations of transduction including the incorporation of a ONA fragment concerned, 
normally contained in the DNA of the cell, in the ONA of the virus used for the infection of the cell. etc. 
5 to the extent that, of course, a probe constituted by the RNA fragment or DNA complementary to the 
sought nucleic acid fragment is available. 

As is self-evident and as emerges already besides from the foregoing, the invention is in no way 
limited to those of its modes of application and embodiments which have been more especially 
envisaged, it encompasses on the contrary atl modifications, notably those where recourse is had to 

10 modifications of the probe which may enable the enzymatic assay of the hybrid and modifications 

relating to the formation and/or purification of the hybrids, to the labeling or the chemical modification 
of the ONA studied itself, under conditions which have been described above, the RNA probe not being 
the subject of any particular labeling; such an inversion of the reactants may be envisaged, for example 
in the case of a DNA including numerous examples of repetitive genes, that it is desired to isolate from 

1 5 the whole DNA. in the form of a hybrid with a probe, after fragmentation of the DNA concerned by 
conventional techniques. It is self-evident that these equivalents are included within the field of 
protection defined by the claims. 

By way of yet another modification, it is possible to have recourse to a process consisting of 
marking the hybrid formed by the desired DNA and the probe, by means of an an ti -hybrid antibody. 

20 coupled to an enzyme such as ,1-galactosidase. 

CLAIMS 

1 . Method of detecting the possible presence or of characterizing a sequence or particular 
fragment of nucleic acid, notably of a gene, even of the whole nucleic acid in the midst of a complex 
sample of nucleic acids, by contacting the sample, if necessary, after prior denaturation of the nucleic 

25 acid under study, with a probe comprising a complementary nucelic acid, capable of being hybridized 
with the nucleic acid sequence or the nucleic acid sought, characterized in that the probe used is a 
probe modified chemically by coupling with or for coupling with an enzyme, prior or subsequent to the 
hybridization reaction, the possible presence of the nucleic acid sequence or of th* nucleic acid sought 
being revealable by the action of the hybridization thus-converted product of the probe and of the 

30 sequence of or of the nucleic acid sought on an enzyme substrate. 

2. Process according to Claim 1 , characterized in that the enzyme is selected according to its 
capacity to act on a chromogene substrate, and in that there is assayed, by optical analysis or the like, 
the transformation ratio of the substrate, which ratio is then correctable with the presence or not of the 
nucleic acid sequence or of the nucleic acid sought in the initial specimen 

35 3. Process according to Claim 1 or Claim 2, characterized in that the probe is modified by a 

chemical group capable of forming a stable complex with the enzyme or a molecule itself bound stably 
with the enzyme. 

4. Process according to Claim 3. characterized in that the above said chemical group and the 
abovesaid motecule are respectively constituted by biotin and avidin or vice versa. 
40 5. Process according to Claim 4. charactenzed in that the enzyme is constituted by /J- 

gafactosidase. 

6. Process according to any one of Claims 2 to 5. characterized in that the hybridization is first 
carried out. then the coupling reaction between the chemically modified and hybridized probe, on the 
one hand, and the enzyme, on the other hand, and in that there then follows the separation or the 

45 degradation of the possible excess of non- hybridized probe. 

7. Process according to any one of Claims 2 to 5, characterized in that the hybridization is first 
carried out and in that the coupling reaction is then carried out between the chemically modified end 
hybridized probe, on the one hand, and the enzyme on the other harm, after separation or degradation of 
the possible excess of non -hybridized probe. 

50 8. A "kit", characterized in that it comprises: 

— at toatt one specific probe formed from RNA or a single ONA strand, characteristic of a desired 
nucleic acid sequence or nucleic acid, this probe being modified chemically for its coupling with an 
enzyme. 

— said enzyme, possibly modified so as to be able to be coupted with said probe. 
55 — a substrate, notably a chromogen, specific to the enzyme. 

— the reactants necessary for the lysis of the cellular medium to be studied, notably a Wood 
medium, and for the extraction of the nucl ic acids from the cells of this medium. 

9. Kit acc rding t Claim 8. cheract erf zed in that it comprises: 

— at least one RNA probe to which biotin is bound, 

60 - the coupling product of avidin and an enzyme, such as /i-galactosidaie. 

10. The coupling product of an enzyme, n tably developable by its action with respect to a 
chromrgen substrate, and a probe (RNA or ONA). either directly, or thr ugh a coupling agent 

1 1 Coupling product of an enzyme, notably whose actton may be dev loped with respect to a 
chromogemc substrata, and at least one chemical m lecule. the wh l« then being couplaWe with an 
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RNA or ONA probe, if necessary, modified for this purpose. 

12. Coupling product according to Claim 1 1 of an enzyme, such as /J-galactosidase and a 
substance such as avidin or biotin. 
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